Objective: To compare cognitive-behavioral therapy (CBT) and standard medical care (SMC) as treatments for psychogenic nonepileptic seizures (PNES).
lacking for dissociative/conversion disorders. 9 We 11 and others 12, 13 have conducted promising open-label trials of CBT in PNES. Developed from our previous work, 11, 14 we set out to test the superiority of CBT over standard medical care in treating PNES within a pilot RCT.
METHODS Standard protocol approvals, registrations, and patient consents. The study was approved by the Ethics Committee at the Institute of Psychiatry, London, UK (Clinicaltrials.gov identifier NCT00688727). Patients gave written informed consent. We followed CONSORT reporting guidelines. 15 The methodology provides Class III evidence concerning the use of CBT plus SMC vs SMC alone in the reduction of monthly PNES frequency.
Participants. Participants were recruited from the Neuropsychiatry Service, South London and Maudsley NHS Foundation Trust, London, UK, from June 2001 through April 2007. Inclusion criteria were as follows: 1) age 18 -70 years; 2) clinical diagnosis of PNES primarily confirmed by video-EEG telemetry, and only if this was not feasible by ictal EEG, or where the referrer and consultant neuropsychiatrists involved in the study agreed that there was no doubt about the diagnosis and that further investigation was unjustified ("clinical consensus"). Exclusion criteria were as follows: 1) a coexistent diagnosis (past or current) of epilepsy; 2) Ͻ2 seizures per month; 3) current drug or alcohol misuse; 4) benzodiazepine use exceeding the equivalent of 10 mg diazepam/day; 5) IQ Ͻ70.
Randomization.
Following an assessment by a consultant neuropsychiatrist, when the patient's diagnosis was restated (table e-1 on the Neurology ® Web site at www.neurology.org; see reference 4), patients were randomized to CBT or SMC using an independently prepared sequence of consecutive, randomized treatment assignments. This was developed from a table of random numbers, using unstratified permuted blocks of 4, and concealed in sealed envelopes. The envelopes were then numbered consecutively and given to an independent clinician who allocated them in order as patients gave written informed consent.
Treatments. Cognitive-behavioral therapy. Our CBT manual was based on our earlier study 11 and was developed from Chalder's 14 case report. The underlying model has been described elsewhere. 11, 14, 16 Following an assessment session, participants were offered up to 12 weekly/fortnightly hour-long outpatient sessions of CBT with a CBT-trained nurse therapist with experience in working with PNES patients.
Treatment involved enabling patients to interrupt the behavioral/physiologic/cognitive responses experienced at the start of the seizure, encouraging them to engage in activities they were avoiding, and addressing negative thoughts and illness beliefs maintaining PNES occurrence, low self-esteem, low mood, or anxiety. Sessions incorporated agenda-setting and the planning and review of homework, which included completing seizure records. While the main treatment aim was seizure reduction and improved psychosocial functioning, the approach was formulation-based; therefore, issues raised in sessions that might be perpetuating seizures were addressed. We considered that patients receiving at least 9 sessions of CBT would receive the key elements of the therapy package (table e-2).
Therapy sessions were audio-recorded. Two independent raters evaluated the content of sessions 4 and 9. Overall ratings of therapeutic alliance and CBT were calculated. 17 Higher scores represented either more extensive therapeutic alliance or higherquality CBT.
Standard medical care. Patients in both groups were offered ongoing clinic review by a neuropsychiatrist. Appointment frequency was determined by clinical need. Patients in the SMC group received SMC only. Sessions were supportive in nature, and provided explanations about the psychological basis of the seizures and supervised withdrawal of antiepileptic drugs (AEDs). Instructions were given not to include any CBT-based techniques (e.g., relaxation, breathing exercises, distraction methods) or structured cognitive techniques (e.g., identifying negative thoughts and dysfunctional thinking styles). As we intended the CBT sessions to be completed within a 4-month period, SMC sessions occurred over a 4-month period and endof-treatment measures were then taken.
Both patient groups were followed up for 6 months after the end of treatment. During this period, patients were offered follow-up sessions at 1, 3, and 6 months.
Outcome measures. The primary outcome measure was monthly seizure frequency, measured at start and end of treatment and at 6-month follow-up. Patients were encouraged to keep seizure diaries and their seizure frequency was recorded at appointments.
Secondary outcomes included 1) seizure freedom, defined as having no seizures during the 3-month period immediately prior to the 6-month follow-up point; 2) Work and Social Adjustment Scale (WASAS) scores 18, 19 ; 3) Hospital Anxiety and Depression Scale (HADS) scores [20] [21] [22] ; and 4) a modified Client Service Receipt Inventory 23 measuring patients' health service use and employment during the 6 months prior to treatment and in the 6-month follow-up period. Table e-3 provides information about these measures.
Sample size calculation. Based on previous experience, we assumed a true mean change in monthly seizure frequency of 7.3 in the CBT group, no change in the SMC group, and a common SD of 9.5 seizures. Therefore, 28 per group were required to detect a difference with this effect size (Cohen ␦ ϭ 0.768) 24 with 80% power at p ϭ 0.05. Allowing for a 20% dropout rate, we sought to recruit 35 patients per group; resource limitations resulted in recruitment of 33 per group.
Statistical analyses. The effect of treatment (CBT vs SMC)
over time on the primary and secondary outcomes was investigated in intention-to-treat (ITT) analyses. Seizure frequency and health service measures were analyzed using Poisson mixed models with maximum likelihood estimation, in STATA v10.0; analyses assumed missing at random with missingness allowed to be driven by variables included in the analyses. Questionnaire data were analyzed using linear mixed models 25 in SPSS v 15.0. All models included random intercepts to account for correlations between the repeated measures for each participant. The fixed components of the models included effects of group and time and a group ϫ time interaction. To assess the presence of a group effect, where this may change over time, we first determined the existence of group ϫ time interactions. Where interactions ( p Ͻ 0.1) were identified, the effect of group at each time point was evaluated. Interactions where p Ն 0.1 were excluded from the model; main effects of group and time were then estimated from the reduced model. Logistic regression was used to determine the effect of treatment on seizure freedom and employment status.
RESULTS

Participants.
A total of 192 PNES patients were referred to the service (figure 1). Of these, 103 patients met our inclusion criteria; 37 then either refused to participate in the trial or were not contactable. Thirty-three were randomized to each treatment arm (i.e., in total 64% of all those eligible). While the number of SMC sessions varied according to clinical need, 2 patients either refused to participate or did not respond at all following randomization and so received no SMC sessions. Data were included from all 33 CBT participants and from 31 SMC participants when analyzing the primary outcome measure. Figure 1 also shows the number of CBT sessions received. Concurrently, most CBT patients attended SMC sessions. Although 7 CBT patients received no SMC sessions, 12 patients had 1 SMC session, 3 patients had 2 SMC sessions, 9 patients had 3 SMC sessions, and 2 patients (1 of whom also had an inpatient admission) had 4 SMC sessions.
During the CBT patients' follow-up period, 1 person had 1 CBT session, 6 patients had 2 sessions, and 11 patients had 3 sessions. In terms of concurrent SMC sessions during follow-up, 5 CBT patients also had 1 SMC session, 4 people had 2 SMC sessions, and 1 person had 3 SMC sessions. During follow-up, 6 SMC patients were seen once, 10 were seen twice, 7 were seen 3 times, and 3 people received 4 SMC sessions.
The groups had similar demographic characteristics and seizure histories at enrollment (table 1). The ratio of women to men in both groups was typical of patients with PNES. 26 Most people were unemployed: only 6 in each group indicated any employment and only 3 (SMC) or 4 (CBT) reported that they were students. The majority were diagnosed following video-EEG telemetry. The proportions diagnosed using ictal EEG or clinical consensus were similar in each group.
Protocol violations. Following randomization, 1 person allocated to SMC received CBT due to an administrative error. One person received 13 CBT sessions due to distress expressed during their 12th session. Two further SMC patients commenced CBT before the end of the follow-up period. Due to perceived clinical need, 3 SMC patients received 4 SMC sessions in the 6-month follow-up period. All of these patients are included in the ITT analyses.
Primary outcome: Seizure frequency. Median monthly seizure frequency at the start and end of treatment and at follow-up is shown in table 2. The presence of missing seizure data was not predicted by current age ( p ϭ 0.816), age at PNES onset ( p ϭ 0.607), duration of the PNES disorder ( p ϭ 0.539), or gender ( p ϭ 0.341), so these variables were not included in the regression models. We analyzed seizure frequency data, adjusting for prerandomization seizure frequency. We found a group ϫ time interaction [Wald 2 (2) ϭ 168.06, p Ͻ 0.0001]; there was no betweengroups difference at start of treatment but significantly lower seizure frequency at treatment end and a trend for lower seizure frequency at follow-up following CBT (figure 2 and table 3) . We found a large between-groups effect size (0.75) 24 at end of treatment and a medium effect size (0.42) at follow-up.
Secondary outcomes. Seizure freedom. There was a trend for the CBT group to be more likely to be seizure-free at the 6-month follow-up (odds ratio [OR] ϭ 3.125, 95% confidence interval [CI] 0.852-11.468, p ϭ 0.086). Absolute risk reduction was 19.5%; risk was defined as not being seizure-free at follow-up. The number needed to treat to achieve seizure freedom in 1 patient was 5.13.
Questionnaires. We report questionnaire scores for start and end of treatment and follow-up in table 2 and estimates of between-groups differences from the linear mixed model analyses in table 3.
On the WASAS, the absence of a group ϫ time interaction ( p ϭ 0.120) indicated no differential benefit of CBT over time. However, overall the CBT group rated their PNES as having less functional impact than did the SMC group (F 1,59.31 ϭ 5.99, p ϭ 0.017; effect size ϭ 0.65); there was an overall effect of time (F 2,111.36 ϭ 12.61, p Ͻ 0.001).
For the HADS anxiety and depression subscales, there were no group ϫ time interactions and no main effects of group or time.
Health service use and employment in the 6 months pretreatment and in the 6 months to follow-up (table 2) .
For most measures, we found no group ϫ time interactions at p Ͻ 0.1. However, for the number of emergency department visits, presence of the group ϫ time interaction [Wald 2 (1) ϭ 2.73, p ϭ 0.098] and the time-specific incidence rate ratios from the Poisson mixed models (table 3) suggested that in the 6-month follow-up period the CBT group tended to show a greater reduction in such visits than the SMC group; there was also a main effect of time (z ϭ Ϫ2.10, p ϭ 0.036) on this measure. There were no main effects of group (table 3) . There was a reduction over time in the number of emergency department visits made by ambulance (time z ϭ Ϫ5.66, p Ͻ 0.001).
No reductions were found in the reported number of prescribed medications or, specifically, of AEDs in the 6-month follow-up period compared to before treatment (time: p Ͼ 0.1), but most patients were not taking AEDs at the start of treatment (table 2) .
Prior to treatment, there was no between-groups difference in terms of whether patients were in any kind of employment/were students or were unemployed/retired (OR 0.913, 95% CI 0.317-2.629, p ϭ 0.866). The pattern was similar at follow-up (OR ϭ 1.219, 95% CI 0.428 -3.476, p ϭ 0.711).
Quality assurance. The median rating for overall therapeutic alliance for sessions 4 and 9 was 5.00 (maximum 7; session 4 interquartile range [IQR] 2.25 and session 9 IQR 2.38). The median overall ratings for CBT quality for these sessions were 5.25 (maximum 7; session 4 IQR 1.38 and session 9 IQR 2.75).
Exploratory analyses for the primary outcome. We explored whether protocol violations, the inclusion of the 5 patients diagnosed by clinical consensus, and variations in length of treatment and follow-up had 
No. of emergency hospital visits, median (IQR) n
Six months prior to start of treatment 0.00 (2.00) 31 0.00 (2.00) 26
Six months prior to follow-up 0.00 (1.00) 23 0.00 (1.00) 26
No. of emergency hospital visits by ambulance, median (IQR) n
Six months prior to start of treatment 0.00 (2.00) 29 0.00 (2.00) 25
Six months prior to follow-up 0.00 (1.00) 22 0.00 (0.50) 25
No. of general practitioner consultations, median (IQR) n
Six months prior to start of treatment 3.00 (6.00) 28 
(4) 24
Six months prior to follow-up 2.00 (4.00) 21 3.00 (4.00) 25
No. of prescribed medications, median (IQR) n
Six months prior to start of treatment 2.00 (3.00) 30 2.00 (3.00) 27
Six months prior to follow-up 1.00 (1.75) 24 1.50 (4.00) 26
No. of prescribed AEDs, median (IQR) n
Six months prior to start of treatment 0.00 (1.00) 29 0.00 (0.00) 27
Six months prior to follow-up 0.00 (0.00) 23 0.00 (0.00) 26
Abbreviations: AED ϭ antiepileptic drug; CBT ϭ cognitive-behavioral therapy; HADS ϭ Hospital Anxiety and Depression Scale; IQR ϭ interquartile range; SMC ϭ standard medical care; WASAS ϭ Work and Social Adjustment Scale. a Higher score represents greater self-reported functional impairment. b Higher score represents more severe anxiety symptoms. c Higher score represents more severe depression symptoms.
an impact on seizure outcome. We again found a group ϫ time interaction [Wald 2 (2) ϭ 208.72, p Ͻ 0.0001] indicating similar results to the main analysis. Two therapists delivered the CBT, 1 treating 12 and the other treating 21 patients; there was no therapist ϫ time interaction for seizure outcome [Wald 2 (2) ϭ 1.88, p ϭ 0.390] and no therapist effect (z ϭ 0.66 p ϭ 0.511).
Adverse outcomes. One patient in the CBT group, with a diagnosis of emotionally unstable personality disorder, committed suicide in the follow-up period. This was considered to be unrelated to her seizure disorder, which had improved during CBT.
DISCUSSION Building on our previous work, 11, 14 the results from this pilot RCT suggest that, relative to SMC alone, CBT (plus SMC) produced a greater reduction in PNES frequency at the end of treatment ( figure 2 and table 3 ). There was a tendency for this benefit to be maintained at the 6-month follow-up, when there was also a trend for CBT to be more likely to have resulted in 3 consecutive months without PNES. We also observed some reduction in PNES frequency in our SMC group, suggesting that our standard outpatient neuropsychiatric care offered patients some benefit. There was an overall improvement in self-rated social functioning; CBT was not differentially more effective over time in this respect.
While we observed no changes in mood and observed only minimal improvements in health service use, the current study lends weight to the potential contribution of CBT to the management of PNES when compared directly to another treatment.
Our CBT approach is predicated on the assumption that PNES represent dissociative responses to arousal, 27 occurring when the person is faced with fearful or intolerable circumstances. 11, 16 Our treatment model emphasizes seizure reduction techniques especially in the early treatment sessions and most of the CBT group will have been exposed to these techniques. While the usefulness of seizure remission as an outcome measure has been questioned, 28 seizures are the reason for patients' referral for treatment. Despite being seizure-free, some patients may remain unemployed or dependent on benefits. 28, 29 The absence of change in HADS scores was unexpected 11 but may reflect low pretreatment scores, providing less scope for change. This finding may also reflect the heterogeneous nature of the patients, who presented with a range of comorbid diagnoses, including somatoform (nonseizure) disorder, eating disorder, and personality disorder, and relate to reports of PNES occurrence in the absence of raised levels of general anxiety. 27 Our pilot RCT has a number of limitations. Our SMC condition did not control for therapist contact, which was greater in the CBT group. Another limitation concerns the difficulty of rendering psychological treatment studies such as this blind: whether the patients were receiving CBT could not be concealed from the neuropsychiatrists providing SMC. We cannot determine how this influenced the number or content of the SMC sessions.
Other important limitations concern sample size and selection. Our study was designed to detect a large treatment effect yet we found only a medium effect size at follow-up. Furthermore, in planning the study, our assumption of no improvement in the SMC group was not borne out in our outcome measures. Our clinical service is specialized. Patients referred to us have typically not responded to routine interventions in neurology clinics, which may themselves constitute a highly effective treatment. 30 Thus, a selection bias in favor of chronic, more difficult-totreat patients might exist. However, patients had at least accepted referral to a psychiatric service, which some of the most intractable patients may refuse to do. Willingness to enroll in the study might also indicate motivation to reduce seizure occurrence and explain the SMC group's improvement. Additionally, our SMC is an intervention, so we cannot comment on a potential comparison between the benefits of CBT vs no treatment at all. Although our results are not readily generalizable to nonspecialist settings, 31 they are likely to be generalizable to other specialist services with an interest in both neurologic and psychiatric management of PNES. We chose to exclude patients with comorbid epilepsy to facilitate measuring outcome in terms of PNES frequency. It has been suggested that such patients might benefit from psychological interventions 13 and our study provides no contradictory evidence. While ideally all patients would have been diagnosed on the basis of video-EEG telemetry, with a low seizure frequency this is not always feasible and our groups were wellmatched for diagnostic methods.
Although primary outcomes were analyzed for almost all participants, statistical power may have been reduced: some patients were unwilling to complete the secondary outcome questionnaires (which were also not completed by patients prior to treatment arm assignment) (table 2) and seizure freedom could not be evaluated in 7/66 patients. Finally, our 6-month follow-up may have been too short to observe a change in employment status; indeed, the older age of some participants and financial incentives derived from state benefits may have dissuaded people from seeking work.
Larger multicenter studies would allow comparisons between CBT and other psychological interventions controlling for therapist contact. They would also permit investigations of predictors of treatment response. 32 This will help identify patients most likely to benefit from treatment and improve clinical decision-making. Additionally, such studies would permit greater examination of the magnitude of therapist effects. 33 Longer posttreatment follow-up would provide a better comparison of treatment outcomes to the natural history of PNES. 29 These limitations notwithstanding, our results suggest CBT can reduce PNES occurrence. Further Table 3 Estimates of between-groups differences from fixed-effects component of investigation of those who may benefit most from CBT may offer increased opportunities to treat this disabling disorder.
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